BACKGROUND: Data envelopment analysis (DEA) is an established technique that hospitals and anesthesia groups can use to understand their potential to grow different specialties of inpatient surgery. Often related decisions such as recruitment of new physicians are made promptly. A practical challenge in using DEA in practice for this application has been the time to obtain access to and preprocess discharge data from states. METHODS: A case study is presented to show how results of DEA are linked to financial analysis for purposes of deciding which surgical specialties should be provided more resources and institutional support, including the allocation of additional operating room (OR) block time on a tactical (1 yr) time course. State discharge abstract databases were used to study how to perform and present the DEA using data from websites of the United States' (US) Healthcare Cost and Utilization Project (HCUPNet) and Census Bureau (American FactFinder). RESULTS: DEA was performed without state discharge data by using census data with federal surgical rates adjusted for age and gender. Validity was assessed based on multiple criteria, including: satisfaction of statistical assumptions, face validity of results for hospitals, differentiation between efficient and inefficient hospitals on other measures of how much surgery is done, and correlation of estimates of each hospital's potential to grow the workload of each of eight specialties with estimates obtained using unrelated statistical methods. CONCLUSIONS: A hospital can choose specialties to target for expanded OR capacity based on its financial data, its caseloads for specific specialties, the caseloads from hospitals previously examined, and surgical rates from federal census data.
BACKGROUND: Data envelopment analysis (DEA) is an established technique that hospitals and anesthesia groups can use to understand their potential to grow different specialties of inpatient surgery. Often related decisions such as recruitment of new physicians are made promptly. A practical challenge in using DEA in practice for this application has been the time to obtain access to and preprocess discharge data from states. METHODS: A case study is presented to show how results of DEA are linked to financial analysis for purposes of deciding which surgical specialties should be provided more resources and institutional support, including the allocation of additional operating room (OR) block time on a tactical (1 yr) time course. State discharge abstract databases were used to study how to perform and present the DEA using data from websites of the United States' (US) Healthcare Cost and Utilization Project (HCUPNet) and Census Bureau (American FactFinder). RESULTS: DEA was performed without state discharge data by using census data with federal surgical rates adjusted for age and gender. Validity was assessed based on multiple criteria, including: satisfaction of statistical assumptions, face validity of results for hospitals, differentiation between efficient and inefficient hospitals on other measures of how much surgery is done, and correlation of estimates of each hospital's potential to grow the workload of each of eight specialties with estimates obtained using unrelated statistical methods. CONCLUSIONS: A hospital can choose specialties to target for expanded OR capacity based on its financial data, its caseloads for specific specialties, the caseloads from hospitals previously examined, and surgical rates from federal census data. Dat a envelopment analysis (DEA) is a technique that hospitals and anesthesia groups can use to understand their potential to grow different specialties of inpatient surgery (Table 1 ). Rather than recruit another vascular surgeon and then wait to see if workload increases, a hospital can determine beforehand whether there is potential for market growth in vascular surgery. Previous papers have described the methodology, focusing sequentially on establishing: validity (1), usefulness for several applications (2) , and presentation of results (3) . Those three papers describe how to benchmark each specialty's surgical caseload at a study hospital relative to caseloads at all other hospitals in the study hospital's state.
In the current paper, we consider a hospital at which surgical workload had increased progressively over 7 yr. However, during the next 7 yr, inpatient surgical workload had not increased. Outpatient surgery had declined, as competing facilities were opened by physicians. Efforts to maintain workload included the allocation of large amounts of operating room (OR) block time. The hope had been to have sufficient excess of revenues to variable costs (i.e., contribution margin) to offset the large capital and fixed staffing costs. These efforts were failing, resulting in a more precarious financial condition. The question asked by the administrators and anesthesiologists was whether there were specialties to target for short-term institutional support to promote growth. Such surgical specialties would need to have both market growth potential and a relatively high contribution margin.
The limiting factor to answering such a question scientifically is neither the financial analysis nor the DEA. Every hospital that bills Medicare and knows its implant costs has the needed financial data (4) . Performing the financial analysis in Excel takes 1-2 h with appropriate software. Performing the DEA itself takes about 30 min.
The challenge has been the time and effort required to obtain and process a new set of state discharge abstract data to obtain an abstract of the hospitalization of each patient undergoing one of the studied procedures at every hospital in the state. First, approval is obtained from the hospital's state for the data, which (appropriately) involves multiple forms. Second, the data need to be cleaned, as the quality of fields varies among states. These time-consuming steps can make the DEA seem impractical.
Instead of using state discharge abstract data to measure the actual rates at which specific procedures were performed, the analysis could potentially be based on estimates derived from readily-available national data. For example, the age-and genderadjusted rate of lung lobectomy in the United States (US) can be obtained in about 10 min from the website of the US Agency for Healthcare Research and Quality Healthcare Cost and Utilization Project's data warehouse (http://hcup.ahrq.gov/) (5) . The same applies to the other common procedures listed in Table 1 . In addition, the population by age and gender can be determined for all US counties from the Census Bureau's website (http://factfinder.census.gov/). Multiplying the rate times the population might be sufficient to determine how much surgery is likely being done on residents living near a hospital.
In this paper, we develop such a process that relies on data available from Federal websites. We apply it to the study hospital and its financial data. We use six different criteria to validate the process, and in the process further explore the underpinnings of using DEA to guide selective increases in allocations of OR block time.
CASE STUDY
The case study is presented here in lieu of a separate Background section. The Validation section follows, as it relies on an understanding of the DEA material in the Case Study section.
None of the steps in this case study is new, other than the automatic identification of surgeon specialty, later. We list the specific steps taken for the specific hospital studied. Readers who would be performing the financial analyses and/or the DEA will need to refer to the referenced papers for step-by-step methodologies and equations. Figure 1 shows the overall contribution margin per OR hour for each surgeon from the study hospital over 1 yr, along with the 95% confidence intervals (6) . The patients included underwent outpatient surgery or were admitted on the day of their elective surgery (4,6,10). Among these 11,496 cases, 6.2% were of a procedure listed in Table 1 . Only elective surgery was studied, because a hospital can alter its elective workload through tactical decisions, while changes in urgent surgery involve longer-term strategic planning. Figure 2 shows the successive exclusion of specialties for consideration of targeted growth through increases in OR allocations. The steps were described previously (10) . Each surgeon is used as a surrogate for his or her specialty. Only increases in OR allocations are considered, because reductions rarely are mandated via tactical mechanisms. If a decision were made to reduce a specific program, the hospital likely would allow the number of subspecialty surgeons to decrease through attrition. As the subspecialty's OR workload declines gradually, progressively less OR time would be allocated to reduce expected underutilized OR time (11) . First, surgeons (specialties) with below average contribution margin per OR hour were excluded from consideration of being allocated more block time than needed for their existing cases (10) . The reason is that, instead, some or all of the additional OR time could be used as general purpose overflow for specialties that have filled their allocated OR time (12, 13) and have more cases to perform (14, 15) . Both surgeons with below and above average contribution margin per OR hour would have access to that overflow OR time. Thus, the natural expansion of specialties into the overflow time would result in the cases scheduled into overflow OR time having approximately the average contribution margin per OR hour. If much less extra OR time is available versus the expected growth in use of OR time by surgeons (specialties) with high contribution margins per OR hour, some surgeons with above average contribution margins may also be excluded from additional allocations. The Appendix of Ref. (10) gives the equations for calculating the threshold value to use.
Second, among the remaining surgeons (specialties), those with Ͻ2 h a week of cases were excluded from further consideration (10) .
Third, the hospital administrators' and anesthesiologists' judgment was that virtually all of the outpatient cases would be lost for those surgeons who had invested in a physician-owned ambulatory surgery center. For all of these surgeons, once their outpatient cases were excluded, their remaining cases represented Ͻ2 h per week of cases. Thus those surgeons (specialties) were excluded (10) .
Fourth, intensive care unit (ICU), postanesthesia care unit, and hospital ward beds were considered. There were no reports of cancellations due to limited capacity. Thus, these were not considered constraints in the analysis, which differs from the analyses published for two other hospitals (10, 16) . In addition, there were no reports of variability among days of the week in the numbers of admissions to ICUs or wards after elective (scheduled) surgery causing disruption of the admission of nonsurgical patients from emergency departments (17) . Therefore, variability among days of the week also was not considered, unlike analyses published for other hospitals (18, 19) .
Fifth, those surgeons (specialties) with wide confidence intervals in estimated contribution margin per OR hour from Figure 1 were identified in Figure 2 (6) . The confidence intervals are useful to identify surgeons (specialties) for which outlier patients could cause spurious tactical decisions (9) . All such surgeons had been excluded from previous steps. Thus, the uncertainty was not considered in the analysis (9) .
The functional specialties of the remaining surgeons in Figure 2 were identified. Each outpatient visit or hospitalization with surgery had a primary International Classifications of Diseases Clinical Modification 9 procedure code (ICD-9-CM). The corresponding Clinical Classifications Software (CCS) code was obtained for each ICD-9-CM from the federal website listed in the legend of Table 1 . Thus, there was one CCS for each case. The most common CCS code was obtained for each surgeon. Specialty was determined based on the most common CCS. There was no ambiguity for any surgeon. For example, the two cardiac surgeons in Figure 2 both had "Coronary artery bypass graft" as the most common CCS; the three general surgeons had "Cholecystectomy and common duct exploration;" the five gynecologists had "Hysterectomy, abdominal and vaginal;" and the four urologists had "Procedures on the urethra."
The next step in the process of allocating increases in OR block times while considering the financial implications was to estimate potential for growth in OR workload (10) . Figure 3 shows a graphical representation of a Productivity Ratio calculated by the DEA. The variables are listed in Table 1 Hospital discharges with a Colorectal CCS procedure are plotted, because the discharges are proportional to the total workload of general surgery (1, 2) . The other seven surgical procedures used to represent their specialties are given in Table 1 . Appendix 1 of Ref.
(1) reviews other potential procedures and why they were not used.
Beds are plotted, because they are a surrogate for the size and the market visibility of the hospital, as relevant for marketing to potential patients (21) . Beds were defined as the number of staffed acute care beds as reported in the annual survey of the American Hospital Association. Neither surgical beds nor ORs were used, because it is the number of acute care beds that predicts the market visibility of a hospital (21) .
The other two surrogates used for market visibility are the number of Surgeons and high-Technology services ( Table 1) . Hospitals with larger market visibility generally perform more surgery.
The filled square in Figure 3 shows the study hospital. Open circles are used to show Colorectal discharges and Beds for hospitals in Iowa and Pennsylvania. The study hospital sent its data of Table 1 , excluding the County and Region variables. These latter variables are the focus of the Validation section, later. They are estimates of the amount of surgery performed at any hospital on residents of the county and region.
DEA selects automatically those outputs and inputs in Table 1 for the study hospital to appear as efficient as possible at producing surgery. A virtual, benchmark hospital is created simultaneously by DEA and shown as a triangle in Figure 3 . The productivity ratio for Colorectal discharges to Beds is the ratio of the slopes of the two lines in Figure 3 . Because the line for the study hospital is above the line for its benchmark hospital, the study hospital is performing more general surgery than expected, based on its physical size and visibility. Table 2 shows the productivity ratios for all combinations of outputs from Table 1 to inputs from Table  1 expressed as percentage differences from the corresponding benchmark hospital. For example, from Figure 3, the Colorectal surgery per Beds of the study hospital was approximately 20% higher than that of the benchmark hospital. The value of the productivity ratio in the corresponding column and row of Table 2 is 20%. Table 2 shows that CABG and Hysterectomy were the outputs chosen automatically by DEA to make the study hospital appear as efficient as possible. The inputs selected by DEA were Beds, County, Region, and Technology. The combinations of these selected outputs and inputs are listed in bold italic. The efficiency score of the hospital equals approximately 2.0, where 2.0 ϭ 200% ϭ 100% plus the listed bold italic values. The Table 2 . The variables of Colorectal discharges and hospital Beds are defined in Table 1 . The study hospital, located in the southern US, is shown with a square. Data envelopment analysis uses all of the hospitals, shown by circles, to choose automatically those outputs and inputs that make a hospital appear as efficient as possible. The virtual, benchmark hospital is created simultaneously, and is shown by a triangle. The productivity ratio equals the percentage difference of the slope of the line for the study hospital versus the slope of the line for the benchmark hospital. study hospital produced 2.0 as much surgery as the best other hospitals could if they had the same conditions (inputs).
Because DEA selected which outputs and inputs to compare based on making the study hospital appear as efficient as possible, the efficiency score of 2.0 represents a best-case scenario. The result is based on the premise that the managers have been focusing extra resources on those outputs that would make the hospital as efficient as possible at producing surgery. For example, more OR block time may have been allocated tactically to those specialties that the managers forecasted could grow and use it. Letting DEA selectively choose outputs to study makes sense, as the analysis then reflects the ability of a hospital to focus on the specialties for which the hospital can produce a lot of surgery. A specialty orthopedic hospital may be very efficient, yet will perform poorly at producing thoracic surgery.
The selection of inputs by DEA identifies the bottlenecks to doing more surgery at the hospital. Ref. (2) presents these concepts graphically. However, the graphs are limited to one input and one or two outputs, whereas the productivity ratios of Table 2 show multiple dimensions simultaneously. The equations for the super-efficient DEA model that were used to create Table 2 are given in Refs. (2) and (3).
Some of the values in Table 2 are negative. The study hospital had relatively weak market capture for these outputs: AAA for vascular surgery, Craniotomy for neurological surgery, and Hip Replacement for orthopedic surgery. Readers interested in how the table was produced using DEA should refer to Ref. (3) . Table 3 lists the four hospitals contributing to the virtual, benchmark hospital. The same weight from the second column of Table 3 is applied to all procedures (third through 10th columns) at each of the hospitals (listed as A-D). The selection of the hospitals contributing to the benchmark and their weights are a direct consequence of the selection of outputs and inputs to make the study hospital appear as efficient as possible (2) .
A gap is the number of additional cases of each type of procedure that the hospital can be producing based on the hospital's performance relative to its benchmark hospital. The gap is expressed in Table 3 as a percentage of the current number of cases. A negative gap infers that more cases are being done than expected from the benchmark hospital. A positive gap shows the potential of the study hospital to increase its workload for the specialty. The positive gaps are shown in bold italic in Table 3 . Graphical representations of the steps to compute gaps can be found in Ref. (2) . Relevant equations are in Ref. (3) . Table 3 (last row) shows that the study hospital has the potential to capture more of its local market for AAA (vascular), Craniotomy (neurological), and Hip replacement (orthopedic) surgery, but not more of the specialties named in Figure 2 : cardiac, general, gynecological, or urological surgery. For those specialties, the hospital is already doing as much as the best of Values given are percentage values. Abbreviations for the outputs (columns) and inputs (rows) are given in Table 1 . For example, Surgeons refers to the total number of surgeons at each hospital as is relevant to market visibility, not the number of surgeons for each of the columns in this Table 2 (1,2). Data envelopment analysis chooses automatically outputs and inputs to make the study hospital appear as efficient as possible. The combinations of these selected outputs and inputs are listed in bold italic. The equations for the calculations used to produce the Table are given in Ref. (3) . The so-called super-efficient data envelopment analysis model was used (1, 3) . The software used for the linear programming was the Premium version of Solver, the add-in from Frontline Systems (Incline Village, NV) that came with Microsoft Office Excel 2003 (Redmond, WA). The productivity ratios were rounded to the nearest 10% to make the interpretation easier. The % is the number of additional cases of each type of procedure that the study hospital can be producing based on the hospital's performance relative to its benchmark hospital. Abbreviations for the outputs (columns) are given in Table 1 . The equation for the weights in the second column is Eq. (13) of Ref. (3), with the weights being the ratios of the to the in that equation. Without rounding, the sum of the weights equals 1.042. For the super-efficient data envelopment analysis model, as we used, the sum of weights is not constrained to equal 1.0. Although in reference (3) we arbitrarily set the negative differences equal to 0, we did not do so in this Table 3 or in Table 7 . The Ϫ49% equals 100% ϫ (1/1.96 Ϫ 1). Where 1.96 is the effective score, rounded to 2.0 in the text of the paper.
any other combination of hospitals (i.e., as much as the virtual, benchmark hospital). Table 4 shows a sensitivity analysis. DEA was repeated four times, each with exclusion of one of the four hospitals contributing to the virtual, benchmark hospital. In each circumstance, the gaps were less than zero for cardiac surgery, gynecology, and general surgery. This increases our confidence in the results from Table 3 .
After combining the results of Figure 2 and Table 3 , there were four surgeons remaining, representing three specialties. These surgeons are labeled as "Target" in Figure 2 .
One surgeon did spine cases and had an above average contribution margin per OR hour. However, his five colleagues, also doing mostly spinal surgery, had overall contribution margins per OR hour that were significantly less than average. The surgical group had divided the cases among themselves with unequal distributions by procedure and payer. The hospital administrators' judgment was that allocating additional OR time and other resources for spinal surgery would not achieve more patients of the preferred type. Doing more spinal cases would result in less cash for future investments, not more.
The hospital's two pain physicians and one plastic surgeon represented the final three "Target" surgeons in Figure 2 . The decision was made to evaluate expansion in these two specialties by communication with those surgeons and their referring physicians.
The preceding material reviewed DEA and showed how results of DEA are linked to a financial analysis for purposes of deciding which specialties should be provided more resources and institutional support, specifically additional OR block time.
VALIDATION
The case study is novel, because DEA was performed without hospital discharge abstract data from the study hospital's state. The data used were financial data from the study hospital, input and output values for the study hospital (Table 1) , data from other states with accessible data (1,2) , and federal websites. The remainder of our paper evaluates the validity of this process, including a direct comparison of results of DEA using state discharge data versus federal data.
Validation was performed with the same years of data that were used for our previous studies of DEA applied to surgery so that we could compare our new findings to these prior results. The Pennsylvania Health Care Cost Containment Council's 1998 data included all patients discharged during 1998 from a non-Federal Pennsylvania hospital (1) . The corresponding data for Iowa were the 2001 discharges from the Iowa Hospital Association (2, 3) .
Hospitals for which DEA would not be useful were excluded (1), based on two criteria.
First, hospitals were excluded that have fewer than 200 beds. Such hospitals perform too few inpatient cases. For example, in Iowa, no hospital with Ͻ200 beds performed (2) Craniotomy or Nephrectomy and only one such hospital performed CABG or Lung resection. Note that this exclusion of hospitals refers only to the hospital's use as benchmarks. When state discharge abstract data are used to estimate the County and Region variables, all hospitals in the state are used for that purpose.
Second, hospitals were excluded that are located in counties with populations exceeding 1 million. Hospitals in large metropolitan areas (e.g., Philadelphia and Pittsburgh) have an unlimited supply of potential patients. Their challenges to growth are competition, marketing, and high fixed costs (e.g., real estate). Figure 4 shows how DEA was performed using US federal data instead of discharge abstract data from the state of the study hospital. The federal data was obtained from public websites. The US federal data are from nonfederal short-term, general, and other specialty hospitals, just like the hospitals in the state discharge abstract databases. The steps in Figure 4 are considered below.
We developed the methodology of Figure 4 to overcome the practical limitations of the DEA discussed in the Introduction. Only the County and Region variables from Table 1 were changed. We will establish that the change does not reduce the validity of DEA (1) by showing a statistically significant, albeit modest, increase in validity of DEA results. Values given are percentage values. The four hospitals originally contributing to the benchmark are listed on the left (Table 3 ). The selection of the benchmark hospitals and their weights are a direct consequence of the selection of outputs and inputs to make the study hospital appear as efficient as possible. The gap is the ratio of the difference to the current number of cases.
A negative gap infers that more cases are being done than expected from the benchmark hospital(s). A positive gap shows the potential of the study hospital to increase its workload for the specialty. When Hospital D was excluded, there were only three hospitals contributing to the benchmark (Table 3) . When Hospital A, B, or C was excluded, other hospitals were added. The Table  shows that the magnitude of the gaps in neurological, orthopedic, and thoracic surgery are sensitive to the inclusion of Hospital A. The Results in the case study describe how these sensitivities have no impact on management decisions. Hospital A is in a small city in Iowa. The hospital had the same technology index as the study hospital, performing all types of care except transplant. Otherwise, Hospital A had fewer beds, surgeons, county surgical charges per square mile, and region surgical charges per square mile. Nevertheless, it performed more AAA, craniotomies, and hip replacements than the study hospital.
The Region of a hospital refers to the surgical charges for residents of the county of the hospital and of the counties contiguous to the county of the hospital ( Table 1 ). The charges are used to provide the average relative resource use for the eight different procedures studied (Table 1) (1, 2) . When data are obtained from a state inpatient database, surgical procedures performed on residents who travel outside the state for care are not included. The use of federal website data overcomes this limitation. Figure 5 shows, for each county in Iowa and Pennsylvania, the ratio of the weighted surgical charges of its region's residents to that of just its own residents. The data were obtained just from the state databases. The ratios before normalization are all larger than 1.0, because each county's region includes the county. The ratios were significantly less for counties contiguous to a state border (Mann-Whitney P ϭ 0.0002, n ϭ 166 counties). The ratios were less for border counties, because their numerators were underestimates of actual regional surgical charges. In fact, if a county's region were homogeneous, round, and equally straddling two states, then the Region variable estimated using data from one state would be half its true value. The lower panel of Figure 5 shows that normalizing the County and Region surgical charges by land square miles successfully eliminated the bias (P ϭ 0.58). The land square miles of each county comes from the US census bureau website (Fig. 4) . Figure 6 shows calculated percentage differences for county surgical charges per square mile estimated using the federal websites versus state databases. As predicted, charges were significantly larger when estimated using federal data versus state data (Wilcoxon's signed rank test P Ͻ 0.0001, n ϭ 166 counties). Differences were significantly larger for border counties than for nonborder counties (Mann-Whitney P ϭ 0.001).
Not all border counties have the same chance of its residents leaving the state for surgery. During the 2000 US Census, the place of work was determined for a sample of workers 16 yr and older residing in each county. If many residents of a county commuted out-of-state for work, that would suggest economic activity (including healthcare) outside the state, but close to the border. Each increase in the percentage of county residents working outside the state was associated with an increase in the difference in county surgical charges per square mile estimated using the federal websites versus the state inpatient databases (Spearman's P Ͻ 0.0001).
The preceding results for Figure 6 are consistent with the hypothesis that state inpatient databases can underestimate surgical rates for counties close to borders. Results should be similar, but less significant, by region. The lower panels show that our findings matched this hypothesis. Table 5 shows that the inaccuracies in estimating the County and Region variables for hospitals in border counties may have influenced results of DEA for more than 90% of hospitals. More than three quarters of hospitals in Iowa and Pennsylvania with at least 200 Beds are in a region coincident to a state border. However, even that result understates the effect. A hospital that is located neither in a border county nor in a region coincident to a state border may choose at least one benchmark hospital that is located near a state border. Although Figures 5 and 6 and Table 5 suggest benefits of using federal data for the DEA, the use of federal data should be balanced against methodological concerns. Figure 4 shows that the County and Region variables are estimated by multiplying each county's population for 10 combinations of age and gender by the corresponding age and gender adjusted national surgical rates. The federal surgical rates will be biased estimators for the surgical rates of the residents of some counties.
The assumption of homogeneity of surgical rates among counties may have a small effect on results of the DEA. What affects the DEA is the hospital surgical workload, determined by numbers of patients, not the rates. The County and Region variables depend on the product of population and rate for each of the procedures. Among the 166 counties, the populations varied 340-fold and the population densities 1100-fold. Among the 45 counties with at least one of the hospitals studied using DEA, populations varied 41fold and the population densities 71-fold. Variations in surgical rates were much smaller (e.g., 1.6-fold for Colectomy and 3.6-fold for Hysterectomy, when limited to benign disease for which there is high variation in practice) (22) . Thus, variation in population among counties is so large that variation in surgical rates may have a negligible impact on variation in the County and Region variables among counties. We addressed this issue by reestablishing the validity of DEA using the revised methodology of Figure 4 .
The six criteria applied previously to validate DEA were repeated.
1. DEA chooses for a study hospital the collection of outputs and inputs that make the study hospital appear as efficient as possible. If there is at least one other hospital that produces more of the selected outputs with the selected inputs, then the study hospital is inefficient. Each hospital is compared to all other hospitals. This process is presented graphically in Ref. (2) . Efficient and inefficient hospitals should differ significantly on other measures that would indicate relatively large production of surgery (1) . For example, surgeons would be more likely to practice exclusively at an efficient hospital. That may be because the OR management helps the surgeons get more surgery done or because each surgeon doing most of her cases at the hospital results in each surgeon filling an OR on the days she operates. Regardless of the reason why, Table 6 shows that these results hold for Pennsylvania, the state with the ancillary data (1). 2. There should not be statistically significant differences in input variables between efficient and inefficient hospitals (1). For example, efficient hospitals should not have more beds than inefficient hospitals. This is known in the DEA literature as the mathematical assumption of constant returns-to-scale. Table 6 shows that this condition holds.
Efficient and inefficient hospitals should match on
input variables excluded from the DEA model. Previously, reasonable additional inputs for which differences were appropriately shown to be absent were binary variables: (a) whether a hospital was a teaching hospital and (b) whether a hospital was located in a rural county (1) . Table 6 shows that these two conditions hold. Table 6 also shows that hospitals in border counties were, appropriately, not more or less likely to be efficient. 4. A gap is the number of additional cases of a type of procedure that the hospital can be producing based on the hospital's performance relative to its benchmark hospital. Calculated gaps in each hospital's cases for each type of procedure should be correlated to estimates obtained using unrelated statistical methods. A nonlinear regression method was applied to Pennsylvania data (1) . Table 7 shows that this condition holds. As a further test, calculated gaps should have face validity. There is no gold standard to which a person can mentally compare a gap when it is zero or positively valued for a hospital performing the procedure (i.e., when the gap is useful). The DEA addresses a problem for which there is no other developed methodology. On the other hand, if a hospital hardly performs a procedure, the gap value should not be negative and nonnegligible. Thresholds used for a hospital "hardly performing a procedure" were fewer than 10 discharges per year of AAA, Craniotomy, Lung resection, or Nephrectomy, and fewer than 20 discharges per year of CABG, Colorectal resection, Hip replacement, and Hysterectomy (1). Among the 85 combinations of hospital-procedure below the threshold (1), all gaps were ϾϪ1.5 cases for the three methods of DEA. 5. Table 1 lists the eight outputs, measured by the number of cases of each procedure at each hospital. For each procedure, the number of cases at a hospital is positively correlated with other estimates of surgical workload for the procedure's specialty (1, 2) . The objective of DEA is not to estimate how many more lung resections per se can be expected to be done at the hospital, but the potential increase in thoracic surgery. These correlations are unaffected by the changes to the DEA methodology of Figure 4 . For example, among the 74 hospitals studied (Table 5) , the eight Spearman's rank correlation coefficients are all at least 0.89 between the number of cases of each procedure and the sum of the Diagnosis Related Groups' weights for all discharges of its specialty. The Spearman's correlation is 0.98 between the sum of the eight studied procedures and the sum of discharges for the eight studied specialties. 6. The methods of presenting DEA results for a single hospital are shown in Figure 3 and Tables Full procedure names and descriptions are given in Table 1 . There are N ϭ 53 Pennsylvania hospitals. Hospitals excluded for each procedure were those "hardly performing a procedure," defined as fewer than 10 discharges per year of AAA, Craniotomy, Lung resection, or Nephrectomy, and fewer than 20 discharges per year of CABG, Colorectal resection, Hip replacement, and Hysterectomy (1). The nonlinear regression effectively considered the hospital's potential elective surgical workload for each procedure to be proportional to the number of age and gender adjusted hospital admissions (1) . 2-4. These methods need to be obtained from the mathematics of DEA without making additional assumptions (3). This condition was satisfied previously (3) and is unaffected by the changes to the DEA methodology outlined in Figure 4 .
Finally, the validity of changes to the DEA methodology can be evaluated by considering pair-wise differences in efficiency scores between different DEA models. Making small changes to the methodology without changing the sample size should not affect the efficiency scores for most hospitals (i.e., the medians should be unaffected). The top half of Table 8 shows that this prediction holds.
Previously we tried unsuccessfully to pool data among states (2) . The county sizes had been different. Now, County and Region are normalized by land square miles. Federal data are used to compensate for border effects. Hospitals are limited to those with enough Beds for DEA to be relevant, eliminating multiple small hospitals in Iowa.
Pooling hospitals among states should result in small but statistically significant reductions in the median efficiency scores, because each hospital is now being compared to a broader population of potential benchmark hospitals (23) . The bottom half of Table 8 shows that this prediction holds.
Increasing the sample size can only result in declines in efficiency scores (23) . For the few hospitals with large declines in efficiency scores, qualitative assessments should indicate that the changes likely represent improvements in accuracy. Strikingly, the two hospitals with the largest declines were the hospitals with the two highest original scores: 7.75-1.37 and 6.96 -4.22. This observation further supports the validity of pooling hospitals between states. As the number of hospitals increases, the likelihood of encountering another similar hospital that is close to being as efficient as possible at producing surgery also increases (23) . The two biggest outliers were reigned in by the changes to the methodology. The incremental effect of adding an additional hospital tends to decrease as the sample size increases (23) . None of the other declines in efficiency scores exceeded 0.6.
The hospital with the largest decline was referred to as Example Hospital C in Ref. (1) . Its unique feature was that although its county had the smallest population and amount of surgery among its residents, the hospital's Craniotomy caseload was the third most and CABG caseload was the seventh most among hospitals in Pennsylvania. We used this hospital to highlight that market visibility (Beds, Surgeons, and Technology) need not be an important cause of limitations on the capture of the surgical market (1). In the current paper, the decline in the hospital's efficiency score occurred as a result of normalization by land square miles. The hospital's county not only had the smallest population and weighted surgical charges, but was also the county with the smallest land square miles. Even though the analysis continues to show the hospital is unique, the original results were likely inflated. This finding supports the face validity of the modification of the DEA methodology shown in Figure 4 .
The hospital with the second largest decline in its efficiency score was the study hospital in Refs. (2) and (3). As described previously, the input chosen to make the hospital appear as efficient as possible was its County weighted surgical charges, just as for the preceding hospital. The productivity ratios presented in Ref. (3) showed that although the hospital's gaps equaled zero for all outputs in the original model, the hospital was relatively weak in orthopedics (Hip replacement). The second weakest specialty was cardiac surgery (CABG). We used that finding to highlight the usefulness of examining the productivity ratios (3). In the current paper, the decline in the hospital's efficiency score resulted from the consolidation of data between states. The reason was that this Iowa hospital was now being compared to the Pennsylvania hospital in the preceding paragraph, with its strength in CABG. The result was a slight gap for the Iowa hospital in CABG (23 cases) and Hip replacement (25 cases). These results, too, seem reasonable. 
DISCUSSION
We applied and validated new methods for using DEA to judge the ability of a hospital to perform additional inpatient surgery for specific specialties. We then applied the DEA to a hospital in a different state to assess decisions related to tactical selective increases in OR block time. The results were presented in reverse order to emphasize the practicality of the method for a real hospital and to avoid a separate background section with hypothetical examples.
The ability to use federal website data to assess County and Region surgical workload makes DEA results broadly practical and accessible for OR managers. Each hospital wanting to assess its inpatient surgical workload can compare itself to other hospitals that have previously been examined. As each hospital benefits, it contributes its own data, making DEA that much more informative to the next hospital, and so forth.
Although the use of federal website data increases the validity of DEA by a statistically significant amount, the increase is modest. We believe that the increase in validity is of importance only to the extent that it is very strong evidence that the validity was not diminished (i.e., the benefit of the new method is that it is easier to perform).
Our use of DEA is unique in evaluating hospital performance (24) . Almost all previous studies of hospital efficiency using DEA have been analyses of data from multiple hospitals to assess health systems and policy (24) . A few studies have applied DEA to data from individual organizations to support managerial decision-making within the organization (e.g., physicians within a large medical group). In contrast, our focus has been the application of DEA to data from multiple hospitals to support managerial decisionmaking within a single hospital (1-3).
Our case study addressed one application of DEA: long-term (1 yr) tactical allocation of additional OR block time (10) . We previously used the hospital in the last paragraph of the Validation section to show other similar applications. That hospital performed 40% of the neurosurgery and 25% of the inpatient urologic surgery in Iowa (2) . Discharges in those specialties were twice that of the next highest hospitals. In contrast, the hospital performed 9% of Iowa's cardiac surgery. Its cardiac workload was half that of the highest volume hospital. One question asked at the hospital was whether cardiac surgery could be increased by the overlapping finishing of a case in one OR with the induction of the next patient in another OR to reduce turnover times. Another question asked was whether capital investment for minimally invasive equipment could prompt additional referral of patients resulting in growth in cardiac surgery. The current paper shows that may be caseload could have been increased by a negligible two CABG patients per month. The limiting factor was, and still is, a lack of elderly patients living near the hospital. This example shows how DEA can be of value to anesthesia groups in recruitment decisions. DEA can also be useful for OR managers and surgical services committees with discretion in how increases in operational budgets are allocated and how capital purchases are chosen.
The case study shows that we are making progress at understanding the steps and issues in improving decision-making for allocating additional OR time tactically. Figures 1-4 show that decision-makers are very unlikely to know whether a haphazard alternative method of analysis is giving an answer that is "close enough" without also doing formal, coupled financial and market growth (DEA) analyses. Our interpretation is strengthened by the fact that simple versions of these analyses were sufficient for our study hospital. Administrators at the hospital happened not to need to consider limited ICU beds (16) , uncertainty in estimated contribution margins per OR hour (6, 9) , expert estimates of market growth potential (10), or the competitive effects of other hospitals (2, 25) . Having learned what it takes to model surgical demand appropriately ( Fig. 4) , we are skeptical that intuition alone can come close to getting the correct answer.
An appropriate alternative to performing a mathematical analysis to assist in the tactical decision is not to make a tactical decision. Instead of reserving additional OR time for a few targeted specialties, the extra OR time would be used as overflow. The overflow OR time is used by specialties that have filled their allocated OR time (12, 13) and have more cases to perform (14, 15) . Over many months, the service that consistently uses the overflow OR time would have some of the overflow OR time allocated to them (13, 15) . Essentially, the allocation of OR time to specific services is being limited to the shorter-term operational stage. An advantage to this "wait and see" approach is that experienced managers generally prefer to postpone making decisions when having to choose among alternatives that require trade-offs (26) . Some readers may want to refer to the case studies of the current paper and of a prior paper (10) as evidence that deferring tactical decisions can be a good choice.
In the case study ( Fig. 1) , consideration of incremental revenue was limited to hospital reimbursement. However, also including professional reimbursement in the analysis can provide insight into differences in perspective between hospital and physicians (27) . In addition, or alternatively, an intangible value can be added for each additional patient of desired types (e.g., cancer patient receiving care at a cancer hospital or cardiac patient at a hospital making the strategic decision to focus on cardiac care). The incremental revenue may even be zero for all patients other than those targeted by a public ministry. However, the latter is increasingly uncommon as more countries migrate to prospective payment based on Diagnosis Related Groups (28) .
The hospital studied in our paper was private. Nonetheless, the linkage of financial analysis with DEA for purposes of tactical increases in allocated OR time can be useful for public hospitals. Unless every purchase request by every surgeon, and every request for salary support for new surgeons is satisfied, the hospital makes tactical decisions based in part on financial criteria. The allocation of additional OR time tactically is a budgetary decision, just like the purchase of new expensive OR equipment to care for a new population of patients.
A finding of the study hospital was unusual. Specialties with some of the highest hospital contribution margins per OR hour were those doing outpatient surgery (e.g., pain medicine) (Fig. 2) . The finding reinforces that contribution margin per OR hour results by specialty differ markedly among facilities (27) . Usually, the highest values are for specialties with substantial inpatient surgery (4, 16, 29) . Specialties with longer average lengths of stays can have higher contribution margins per OR hour, because such patients offer more opportunities for discharge of patients a few days sooner than average (27) . To explain financial analysis results for individual surgeons (specialties), we use the difference between each inpatient's hospital length of stay and the national average length of stay for all patients with the same Diagnosis Related Groups (27, 30) .
For the studied hospital, data on contribution margin per OR hour ( Figs. 1 and 2 ) did not need to be combined mathematically with estimates of potential market growth. If they had, we would have used equation (19) in Ref. (10) . A question that administrators and surgeons typically ask is what happens if more OR time were allocated tactically to a specialty and they do not use it. The OR time that would otherwise be under-utilized would be released for services that have filled their allocated OR time and still have more cases to schedule (13, 14, 31) . The important implication is that there is marked mitigation of the financial risk of inaccuracy in results from DEA (10) .
Although the method of performing DEA using Figure 4 enables rapid decisions for some problems, the approach seems limited for determining the cause of a gap value. For example, Tables 2-4 show that the hospital in the case study had a weakness in vascular surgery. This was no surprise, considering that the hospital had only one vascular surgeon. What was unknown was the potential financial return from performing more vascular surgery. Nevertheless, if the hospital had recruited another vascular surgeon, would the gap have been reduced or would two surgeons be doing the same relatively small numbers of cases? Those questions can be addressed by considering the impact of competing hospitals on the study hospital (2, 25) and by studying the types of vascular procedures performed at the study hospital and their differentiation from that of competing hospitals (32, 33) . Both assessments rely on the state data that we bypassed by following the methodology outlined in Figure 4 . Thus, state discharge data provide information useful to individual hospitals that cannot be completely replaced by federal data. Such uses of the state data are not affected by the issues of the border counties considered in Figures 5 and 6 .
Finally, DEA is limited to the assessment of workload at hospitals, which may not be relevant to medical practices. If an anesthesia group practices at two nearby hospitals, both with gaps in a specialty, the actions taken by the hospitals to address the gaps may be irrelevant to the group, since the numbers of patients at the two hospitals combined could remain unchanged.
